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Abstract 


Using survey data, this paper investigates problems that firms in the Canadian manufacturing 
sector face in their decision to adopt advanced technology. The data show that while the use of 
advanced technology is relatively important (users account for over 80% of all shipments), it is 
not widespread among firms (users represent only about one-third of all establishments). One 
explanation lies in the fact that while advanced technologies provide a wide range of benefits, 
firms also face a series of problems that impede them from adopting advanced technology. These 
impediments fall into five groups: cost-related, institution-related, labour-related, organization- 
related, and information-related. 


While it might be expected that impediments would be higher for non-users than users of 
technologies, the opposite occurs. We posit that the reason for this is that innovation involves a 
learning process. Innovators and technology users face problems that they have to solve and the 
more innovative firms have greater problems. We test this by examining the factors that are 
related to whether a firm reports that it faced impediments. Our multivariate analysis reveals that 
impediments are reported more frequently among technology users than non-users; and more 
frequently among innovating firms than non-innovating ones. We conclude that the information 
on impediments in technology and other related surveys (innovation) should not be interpreted as 
impenetrable barriers that prevent technology adoption. Rather, these surveys indicate areas 
where successful firms face and solve problems. 


Keywords: manufacturing, advanced technology adoption, benefits, costs, impediments 
JEL: L60, O33 
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I. Introduction 


Despite the fact that adoption of advanced technologies is Closely related to productivity gains 
and other measures of firm performance (Baldwin, Diverty and Sabourin, 1995; Beaumont and 
Schroder, 1997; Papaconstantinou et al. 1996; Tracey, Vonderrembse and Lim, 1999), only about 
one-third of Canadian establishments used at least one advanced technology in their production 
process in 1993 (Baldwin and Sabourin, 1995). This raises the issue as to why some Canadian 
firms use advanced technologies extensively but others do not adopt them at all. 


The decision to adopt advanced technologies ultimately rests with the benefits the technology 
provides and the costs associated with its adoption. In the 1993 Canadian Survey of Innovation 
and Advanced Technology, advanced technology users identified a wide range of benefits such as 
improvements in productivity, product quality and working conditions; reductions in production 
costs associated with such factors as lower labour requirements and inventory; reduced material 
and energy consumption; increased equipment utilization and reduced product rejection 
(Baldwin, Sabourin and Rafiquzzaman, 1996). At the same time, they also reported a host of 
costs associated with technology acquisition, e.g., education and training, time and cost to 
develop required software, and increased maintenance expenses. In addition to these costs, all 
firms reported a series of other impediments to their technology adoption. These include 
institution-related problems associated with tax regimes, and government regulations and 
standards; labour-related problems such as shortage of skills, training difficulties, and labour 
contracts; organizational or strategic problems associated with difficulties in introducing 
important changes to the organization, management attitude, and worker resistance; information- 
related problems such as lack of scientific and technical information, technological services, and 
technical support from vendors. Similar lists of impediments have been used to investigate 
barriers to innovation (Arundel, 1997). 


This paper investigates the importance of impediments to the technology adoption process. We 
ask whether there is evidence that non-users of technology find that the impediments to adoption 
are greater than do technology users and whether there are particular areas where the 
impediments are greatest. Section 2 discusses the survey data used and provides an overview of 
the benefits and impediments outlined by plant managers. Section 3 examines the factors that are 
related to a plant reporting that it faces an impediment. The section focuses primarily on whether 
non-users of technology are more likely to report an impediment. We find that technology users 
are more likely, not less likely, to report many types of impediments. We conclude that barriers 
to technology adoption, at least as measured in technology surveys, should not be interpreted to 
be impenetrable barriers that prevent technology adoption. Rather, these surveys indicate areas 


where successful firms face and solve problems. 
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2. Advanced Technology Adoption: An Overview of Benefits and 
Impediments 


Since the technology adoption decision is closely related to the net benefits that are perceived to 
flow from the implementation of new equipment, this section outlines the benefits of advanced 
technology adoption in the Canadian manufacturing sector, and the extent to which firms face 
various impediments. We begin with a brief introduction of the data used in the analysis. 


2.1 Data Source 


The data used for this analysis are extracted from the 1993 Survey of Innovation and Advanced 
Technology (SIAT) of Statistics Canada. Stratified by size, industry and province, the 1993 SIAT 
sample is randomly drawn from a frame of all establishments in the Canadian manufacturing 
sector, which is maintained in the Business Register Division of Statistics Canada. There are 
eight sections to the survey questionnaire. Three sections of the survey examine the incidence of 
advanced technology use at the plant level, the benefits derived therefrom, and the impediments 
that plants reported as delaying technology adoption. The survey also explores the innovation 
activity of the firm owning the plant—incidence of innovation, existence of research and 
development units, and the characteristics of the firm’s competitive environment. These data 
provide us with measures of impediments to technology use and measures of the technological 
and innovative activity of establishments and their owning enterprises. In addition, the survey 
provides us with certain general characteristics such as ownership, degree of competition, and 
extent of employee unionization. More details on the survey can be found in Baldwin and 
Sabourin (1995), and Baldwin, Sabourin and Rafiquzzaman (1996). 


Data from the SIAT survey are combined with data drawn from the Census of Manufactures of 
Statistics Canada on various characteristics of each of the plants in the survey—size, age, 
nationality (domestic- or foreign-controlled), and growth over the decade prior to the survey. 
These and other characteristics are used in a multivariate analysis to determine the factors that 
are related to whether a firm indicated that it faced different impediments to the acquisition and 
adoption of advanced technology. 


The survey collects information on 22 detailed advanced manufacturing technologies.’ For this 
analysis, these categories are classified into six groups according to their specific function in the 
production process—design and engineering, fabrication and assembly, automated material 
handling, inspection and communications, manufacturing information systems, and integration 
and control. Table 1 itemizes these technologies and the functional group into which they fall. 


' Related surveys that focus only on technology have been done by the Australian Bureau of Statistics (1989) and the 
U.S. Bureau of the Census (1989, 1993). 


en rr er eee 
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Table 2. Advanced Technology Adoption in the Canadian Manufacturing Sector, 1993 


% of Shipments 
% of Establishments 


Source: Baldwin and Sabourin (1995). 


Technology-using plants tend to be large, though not numerous. Establishments that used at least 
one advanced technology accounted for over 81% of all Canadian manufacturing shipments in 
1993 (Table 2). However, the adoption of advanced technologies is not extensive. Only a little 
over one-third of establishments used at least one advanced technology. 


What is it then that leads some firms to use advanced technologies but others to not adopt them 
at all? The decision to adopt advanced technologies ultimately rests on the benefits that the 
technology provides and the costs associated with its adoption. The latter depend upon the 
impediments that firms face. The next two sub-sections outline the benefits and impediments 
associated with technology adoption. 


2.2 Benefits of Advanced Technology Adoption 


The benefits of technology use are far ranging—from increasing productivity, to improving 
flexibility, to producing higher quality products, to reducing production costs (Beaumont and 
Schroder, 1997; Rischel and Burns, 1997; Small, 1998). 


Improvements in productivity occur when the same output can be produced with fewer inputs. 
This leads to a reduction in production costs. Production costs can also be reduced when lower 
cost inputs can be substituted for higher cost inputs, when lower skilled labour can be substituted 
for higher skilled labour. Flexibility is a benefit when product line diversity can be extended by 
new technologies. Product quality improvements result from lower scrappage rates or from more 
reliable products, i.e., computer power sources that have lower failure rates. 


The benefits and effects associated with advanced technology adoption reported by managers in 
technology-using plants are itemized in Table 3. Since benefits are likely to be technology 
specific and the functional groups adopted correspond to different stages of the production 
process, the benefits are reported for of each of the four different functional groups described 
above—design and engineering (DE), fabrication and assembly (FA), automatic material 
handling (AMH), and inspection and communications (IC).’ Columns 1 to 4 are weighted by 
shipments; Columns 5 to 8 by establishments.* It should be noted, of course, that the functional 
groups are not used independently of one another. But by comparing how the percentage of 


* An additional 3% of shipments were accounted for by establishments that planned to use at least one advanced 
technology within the next two years. 

> The other two functional groups of technologies (manufacturing information systems, and integration and control) 
are relatively uncommon and not as frequently used. Their results are hence not reported. 

* Shipment-weighted percentages indicate the proportion of shipments from plants that used the technology. 
Establishment-weighted percentages present the fraction of establishments using the technology. 
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plants (weighted or unweighted by shipments) reporting a specific benefit differs across 


functional group Categories, we can investigate whether the most important categories varies by 
functional group. Generally, they do not. 


An improvement in overall productivity (sometimes referred to as total factor productivity) is the 
most frequently reported benefit associated with advanced technology adoption. Over half of 
design and engineering, fabrication and assembly, and automatic material handling technology 
users reported an improvement in productivity. The dominance of this benefit is even more 
evident when the results are weighted by shipments. Design and engineering, fabrication and 
assembly, and automatic material handling technology users that registered an improvement in 
productivity accounted for 70% to 77% of shipments. Productivity improvement is also the most 
important benefit category for inspection and communication technology users, but here it shares 
the lead with improvements in product quality. 


Overall productivity improvements can be achieved through a variety of means, e.g., a reduction 
in labour usage, raw material or energy consumption, and better equipment utilization. To 
various degrees, advanced technology users identify benefits in all of these areas. But the 
dominant category here is a reduction in labour requirements. Labour costs are not, however, 
reduced by substituting unskilled for skilled labour. In general, a larger percentage of firms 
indicates that skill levels increased rather than decreased. Generally, the second most important 
cause of productivity enhancement results from increases in equipment utilization—especially in 
large plants using fabrication and assembly and automated material handling technologies. In all 
cases, the adoption of advanced technologies led to greater, not less, capital investment. Thus the 
benefits of advanced technology use are accompanied by greater costs—both because of the need 
for more skilled labour and increases in capital investment. 


The second most important benefit resulting from the adoption of advanced technologies is an 
improvement in product quality. One-third to slightly more than half of users felt that their 
product quality had improved; the share of total user shipments accounted for by establishments 
reporting such a benefit ranged from a low of 47% for design and engineering technology users 
to a high of 65% for technology users in the fabrication and assembly area. Much of this quality 
improvement is associated with lower scrappage rates. The percentage of establishments 
indicating that they had lower product rejection rates as a result of the introduction of advanced 
technologies is almost as high as those indicating that product quality had improved—especially 
so for users of advanced technologies in fabrication and assembly. 


Advanced technology users also report that improved product flexibility was a benefit thereby 
confirming predictions that new advanced technologies would have a dramatic effect in this area 
(Young, Francis and Young, 1993; Spina et al., 1996). Finally, a good percentage of firms report 
that working conditions had improved as a result of advanced technology use. In summary, 
advanced technology users report an impressive list of benefits, with productivity and quality 


improvements being the most important. 
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2.3 Impediments to Advanced Technology Adoption 


The impediments that were investigated in the SIAT survey can be divided into five groups. The 
first includes a set of general cost-related problems associated with advanced technology 
adoption, including the cost of capital, the cost of technology acquisition, the cost of related 
equipment acquisition, the cost of related software development, and increased maintenance 
expenses. 


Four other areas were also identified—impediments that arise from government policy (what we 
call institutional-related problems), from labour market imperfections, from internal organization 
problems and from imperfections in the market for information. Each of these also increases the 
costs of adopting advanced technology—but the causes are somewhat more narrowly focused 
than the general cost-related items that are included in the first category. 


Labour-related problems include difficulties that arise because new technologies and innovation 
generally need higher skill levels (Baldwin, Gray and Johnson, 1996; Baldwin and Da Pont, 
1996). In the face of these needs, a firm may encounter impediments to adoption if there is a 
shortage of skills available on the market, or if it faces training difficulties in overcoming 
deficiencies, or if its labour contracts act to constrain its ability to substitute labour across tasks. 


Organizational problems are those associated with difficulties in implementing the types of 
internal change in a firm that are required for the adoption of advanced technologies. The first of 
these is the difficulty in introducing important changes to the organization. For example, the 
introduction of computer-aided design may require new structures that link engineering 
development with the production department so that the advantages of concurrent engineering 
practices can be fully exploited. Other organizational problems stem from a poor attitude of 
senior management towards new technologies, or worker resistance. 


Institution-related problems are those associated with tax regimes (both the R&D tax credit and 
capital cost allowances) and with government regulations and standards. Information-related 
problems arise if markets for knowledge are imperfect. 


They include lack of scientific and technical information, technological services, and technical 
support from vendors. 


Table 4 reports the percentage of plant managers who reported that these problems impeded the 
adoption of advanced technologies. Two measures of technological activity are used to examine 
differences in the impediments faced by the more technologically active. First, we report the 
percentage of technology users and technology non-users that reported the impediment, where a 
technology user is defined as a plant that uses any of the 22 advanced technologies. We also 
divide the sample of plants into those whose parent company reported an innovation (defined as 
the introduction of a new product or process) in the three year period prior to the survey and 
those who did not report an innovation during that period. Columns | to 5 contain the percent of 
shipments in plants reporting a particular impediment; Columns 6 to 10 the percentage of 
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establishments (duly weighted to represent the manufacturing population) reporting that they 
experienced the particular impediment. The importance given to the impediments will differ in 
the first panel (Columns | to 5) from the second panel (Columns 6 to 10) if larger firms are more 
likely to designate an impediment as important. 


Among the five broad groups of impediments, general cost-related problems are the most 
important and most frequently reported by firms. Economics is at work in the innovation process 
in that broad generic classes of costs like equipment and capital are seen to have an impact on the 
investment decision. Contributory cost factors (in order of importance) are cost of equipment, 
cost of capital investment, cost of technology acquisition, cost of software development, and 
maintenance expenses. Over two-thirds of establishments encountered at least one of these 
impediments, accounting for nearly 80% of all manufacturing shipments. Whether we use the 
percentage of establishments (Column 6) or the share of shipments (Column 1), the rankings of 
these factors are about the same, thereby indicating that large and small firms place about equal 
emphasis on these general cost-related impediments. 


Labour-related problems, stemming from skill shortages, training difficulties or labour contracts, 
are the area where specific problems are most important. Some 29% of establishments reported 
them as impediments. Shipments from establishments that experienced at least one of these 
difficulties amounted to 37% of total manufacturing output. 


The next most important group are organization-related problems caused by difficulties in 
introducing important changes to the organization, management attitude and worker resistance. 
One out of every five firms experienced one of these problems. Contrary to the other categories 
however, the share of shipments in plants reporting this problem (34%) is significantly higher 
than the percentage of establishments with the problem (21%), thereby indicating that larger 
establishments are more likely to have these problems. 


The least important category of impediments consists of institution-related problems (associated 
with the R&D investment tax credit, capital cost allowance and government regulations) and 
information-related problems (such as lack of scientific and technical information, lack of 
technological services and lack of technical support from vendors). 


If impediments are the primary deterrents to technology use and innovation, it might be expected 
that non-users and non-innovators would report higher impediments. This is not the case. With 
rare exceptions, the percentage of users reporting impediments is markedly and consistently 
higher than among non-users; it is also more frequent among innovators than non-innovators. 
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A learning-by-doing model of technology adoption can explain this phenomenon. Firms have to 
assess the benefits of implementing technological changes. Firms that are innovative reap 
substantial benefits as we have already demonstrated. In order to reap those benefits, they have to 
incur the higher costs of new equipment and of research and development facilities. Other 
research has shown that there are many types of costs that are higher for technology users and 
innovators. For one, more technologically advanced firms find that their skill requirements 
increase after new technologies are introduced (Baldwin, Gray and Johnson, 1996). Training iS 
more likely in firms that are high-tech users or innovators (Baldwin, 1999). Moreover, firms that 
are innovators are more likely to be developing greater competencies in other areas besides just 
human resources. Baldwin and Johnson (1996 and 1999) show that more innovative firms 
(especially those that introduced new products and new processes) develop greater competencies 
in a wide range of areas. They gain more from their high-risk innovation strategy, but they risk 
more and they incur higher costs because they have to master a wider range of competencies. 


Therefore, when we compare users and non-users, we are dealing with two very different 
populations. Technology users or innovative firms have been exposed to the problems that come 
with an innovative strategy. Before adopting new technologies, firms have a basic understanding 
of the problems that they will face. This impression is correct only with regards to the broad. 
overview of the relative importance of the different problems that they face. As proof of this, the 
relative ranking for users and non-users is quite similar—the correlation between the scores of 
users and non-users or innovators and non-innovators (whether using percentage of 
establishments or percentage of shipments is over 0.95). But the level of impediments is 
generally lower for non-users or for non-innovators. It is by attempting an innovative or 
technologically advanced strategy that a firm learns about the true intensity of the problems that 
it has to solve. 


The one area where differences between technology users and non-users are generally smaller is 
with respect to government policy. When it comes to assessing the usefulness of R&D subsidy 
programs or the problems with government regulations, non-users are able ex ante to better 
assess the likelihood that government activity will benefit or restrict them. 


In summary, we should expect a more advanced technology strategy to lead to more impediments 
being reported. While differences in impediments between technology users and non-users may 
be explained in the context of the learning-by-doing process of technology adoption, there are 
other factors that may come into play that need to be examined within a multivariate framework. 
Previous work has shown that there are inherent differences in terms of certain firm 
characteristics between technology users and non-users; and between innovating firms and non- 
innovating ones.” It may be that these characteristics also contribute to the observed differences 
in impediments. In the next section, we ask whether differences in the impediments persist after 
controlling for firm characteristics. 


> For example, Baldwin and Diverty (1995) have shown that technology use is positively associated with firm size 
and output growth; the tendency for larger firms to be more innovative is also well documented (e.g., Baldwin, 
Gellatly, Johnson and Peters (1998); Evangelista and Sirilli (1997); Cosh, Hughes and Wood (1996)). 


Analytical Studies Branch — Research Paper Series - 10- Statistics Canada No. 11FO019MPE No. 173 


3. Determinants of Impediments to Advanced Technology Adoption 


To examine the factors that are associated with impediments, we use multivariate analysis to 
relate the probability of reporting an impediment to whether a plant is technologically advanced 
and a set of plant characteristics, such as size, growth, region, and degree of innovativeness. 


The regressions are performed for each of the five major groups of impediments: cost-related, 
institution-related, labour-related, organization-related, and information-related. For each group, 
the dependent variable takes a value of one if a plant reports any of the problems within the 
group; the value of zero otherwise. Since the dependent variable is dichotomous, we estimate the 
relationship with a logistic regression.° 


3.1 Alternative Measures of Technologic and Innovative Activity 


Four different measures of technological activity are used to test the robustness of our hypothesis 
that impediments are higher in more technological advanced or more innovative firms. 


The first is USER—whether the plant uses advanced technology in the production process at all. 
This is a dichotomous variable taking a value of one if the plant uses any of the 22 technologies 
and zero otherwise. This measure distinguishes technology users from non-users but does not 
take into account the intensity of technology use. 


The second—TECHUSE—measures the total number of advanced technologies in use. This is a 
continuous variable reflecting the total number of advanced technologies that a firm uses and it 
ranges in value from 0 to 22. This measure takes into account the intensity of technology use. Its 
form imposes a monotonic relationship between the number of technologies in use and the 
probability of reporting an impediment. 


The third consists of a set of binary variables capturing different intensities—0O, 1 to 4, 5 to 9 and 
10 and more technologies. This measure takes into account the intensity of technology use and it 
allows for the possibility of a non-linear impact of the number of technologies that are used. 


It should be noted that the first three measures essentially nest within each other, thereby 
allowing us to test whether capturing intensity as opposed to incidence of use matters. 


Finally, the fourth variable—INNOV—measures whether the plants were innovative. This 
variable is broader than just the technology use variable. Innovative activities are measured by a 
dichotomous variable indicating if the plant’s controlling firm introduced either a major product 
or process innovation in the three years prior to the survey. 


ee See es ee eee 
6 Probit analysis, an alternative for dichotomous dependent variables, was tried and resulted in the same qualitative 


results. 
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3.2 Plant Characteristics 


Certain plant characteristics have been shown to be closely related to whether technology is used 
(Baldwin and Diverty, 1995) or whether a firm is innovative (Baldwin, Hanel and Sabourin, 
2001). These include region, industrial sector, intensity of competition, age, output growth 
patterns, ownership, size and unionization. 


These variables are included because they are expected to represent aspects of technology use 
that are not captured by the technology variables used. While we include variables such as USER 
or TECHUSE that measure the amount of technology use, these variables cannot completely 
capture the complexity or sophistication of the actual technological environment. Since larger, 
younger and foreign-controlled plants are more likely to use any technology (Baldwin and 
Diverty, 1995; Baldwin and Sabourin, 1997), we expect that plants with these characteristics are 
more technologically advanced in many dimensions and, therefore, should be more likely to 
report an impediment. Size of the establishment is measured by four binary variables capturing 
the number of employees: under 20, 20 to 99, 100 to 499, and 500 and over. Age of the firm is 
measured by three binary variables: born prior to 1975, between 1975 and 1984, and after 1984. 


We also include regional binary variables to capture the same _ technological-intensity 
phenomenon. The incidence of advanced technology use is less in Atlantic Canada and Quebec 
relative to other provinces (Baldwin and Sabourin, 1995) and, therefore, the overall technical 
sophistication of these regions should also be reflected in generally lower impediments. Five 
economic regions are used in the regression analysis: Atlantic Canada consists of Newfoundland, 
Prince Edward Island, Nova Scotia and New Brunswick; Quebec; Ontario; the Prairie provinces, 
which includes Manitoba, Saskatchewan and Alberta; and British Columbia. 


Growth of the plant is included for three reasons. First, growth is a measure of success and 
success is highly correlated with the degree of innovativeness in a firm (Baldwin, 1996; Baldwin 
and Johnson, 1998). Although we capture major innovations with INNOV, there are other more 
minor aspects that are omitted and that the growth variable is meant to represent. Therefore, we 
Should expect growth to be positively related to impediments. Second, growing firms are 
technological sophisticated (Baldwin and Diverty, 1995). Third, growth itself leads to problems. 
Growing firms have to learn how to deal with the problems associated with larger size. Growing 
organizations have to change. New labour skills associated with running a larger firm are 
required. These problems are likely to be particularly severe in the area of labour impediments. 
Output growth patterns are measured as the change in a plant’s manufacturing shipments over the 
10-year period from 1982 to 1992. Ranking firms according to their growth in shipments during 
this period, we create three growth classes with an equal number of firms in each class. These are 
low or negative growth, medium growth, and high growth. Nationality of ownership is 
represented by a binary variable, CANADIAN, that takes a value of one if the plant’s parent 
indicated that it was controlled by Canadians and zero, otherwise. 


eee 
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The importance of unionization in a plant is also posited to be related to impediments—though 
not necessarily because of any connection to technological sophistication. Rather it is included 
because it is sometimes seen as a factor that would make technology adoption more difficult 
because it increases the costs to management of changing work patterns during the introduction 
of new technological processes. Unionization is a binary variable that takes on a value of one if 
the parent firm reports that any of its employees are covered by a collective agreement. 


We also posit that the environment within which a plant operates will affect the nature of the 
impediments that are encountered. The first characteristic that we consider is whether the 
industry environment is advanced with regards to the degree of innovation being produced. Some 
industries are more innovative and, therefore, plants in these industries are more likely to face 
impediments. The innovative environment is captured with an industry taxonomy developed by 
Robson, Townsend and Pavitt (1988) that has been used successfully in research that explains the 
probability that a firm will innovate (Baldwin, Hanel and Sabourin, 2001). Firms are classified 
into three sectors according to their industrial activities: core innovative sector, secondary 
innovative sector, and other innovative sector.’ The core sector is the one that has been found in 
work for the UK and the US (Robson, Townsend and Pavitt, 1988) and for Canada (Baldwin and 
Hanel, 2002) to be the sector that produces more innovations than it uses. The "other" sector 
ingests new products and machinery and equipment from the core and secondary sectors. If 
production of an innovation rather than its adoption is a signal of sophistication, we should 
expect the core, secondary and "other" sectors to rank in this order with regards to the probability 
of reporting an impediment. 


The second environmental characteristic that is posited to affect the development of impediments 
is the competitive environment. Competition is important in that it affects innovation or 
technological competencies. Elsewhere, we have found that there is a positive relationship 
between competition and innovation (Baldwin, Hanel and Sabourin, 2001). The intensity of 
competition that a firm faces is measured by the number of rivals directly competing in the 
marketplace for the sale of its main product(s): 0 to 5 competitors, 6 to 19 competitors, and 20 or 
more competitors. More detail on variables, as well as sample statistics, are reported in Table 5. 


3.3 Empirical Results 


The regression results for the probability of reporting impediments in each of the five major areas 
are reported in Table 6. The coefficients are all calculated against the omitted category—which is 
a plant that did not use advanced technologies, did not introduce innovation, was located in 
Ontario, was in the “other” innovation using sector, faced the smallest number of competitors (5 
or less), was born before 1975, was a slow grower, was foreign-owned, was in the smallest size 
class (less than 20 employees), and whose employees were not unionized. The regressions are 
estimated on a sample of 1,936 establishments. Column 1 contains the estimates for cost-related 


pi eA ie ee 
7 The core innovative sector includes refined petroleum, chemical, electrical and electronic industries; the secondary 
innovative sector includes fabricated metals, rubber and plastics, transportation equipment, primary metals, and non- 
metallic minerals; the other innovative sector includes paper, wood, food and beverages, textile and clothing, 
printing and publishing, furniture and fixture, and other manufacturing industries. 
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problems; Column 2 for institution-related problems; Column 3 for labour-related problems; 
Column 4 organization-related problems; and Column 5 for information-related problems. In this 
table, we measure technology use by the range of number of technologies in use. Results for 
other measures—incidence of technology use, intensity of technology use, and an interactive 
term between using technology and being an innovator are presented in Appendix Tables Al 
through A3. Table Al reports the regression results when technology use is measured by a single 
dummy variable indicating whether a firm uses advanced technology or not; Table A2 when 
technology use is measured by the actual number of technologies used; and Table A3 when firm 
activities are measured by the interaction between technology use and innovation—non-user non- 
innovator, non-user innovator, user non-innovator, and user innovator. 


The parameter estimates in Table 6 show the qualitative impacts of the explanatory variables. To 
better describe the quantitative impacts of each of the variables, we report in Table 7 the 
probability that each of the five advanced technology adoption impediments will occur. These 
probabilities are estimated using the regression results presented in Table 6, evaluated at the 
sample mean values.* Again, Column 1 contains estimates for cost-related problems; Column 2 
for institution-related problems; Column 3 for labour-related problems; Column 4 for 
organization-related problems; and Column 5 for information-related problems. 


The results demonstrate that technology use is positively associated with impediments in almost 
all areas. From Table 6, we can see that those plants reporting the use of 10 or more technologies 
are significantly more likely to have faced cost impediments, institutional impediments, labour 
impediments, and information impediments. When only incidence is used (USER), a significant 
effect is found for cost-related, labour and organization problems (Table Al). When intensity of 
technology use (TECHUSE) is included, a significant effect is found for cost-related, and labour 
problems (Table A2). 


Innovators are found to report significantly greater institutional, and information impediments. 
When technology users are divided into innovators and non-innovators (Table A3), the 
innovators are found to have a greater likelihood than non-innovators of reporting impediments 
for institutional and informational impediments. But what is most significant is that the 
combination of being a technology user and an innovator is significantly related to all 
impediments. Firms that are using advanced technologies and reporting an active innovation 
program are solving more complex, more comprehensive technological problems. That this 
group is most likely to report impediments in all areas lends support to our hypothesis that 
impediments are realized as a firm implements a complex innovation strategy. 


The effect of the intensity of technology use can be quite large. For example, other things being 
equal (evaluating at the mean value), the probability of a plant reporting cost-related problems is 
estimated to be 89% among plants that use 10 or more technologies compared to 66% among 
non-users (Table 7)—an increase of over 20 percentage points. For institution-related problems, 
it increases from 14% to 29%. By way of comparison, going from non-innovative to innovative 
status increases the probability of facing institution-related impediments from 13% to 17%. The 


* The logistic regression model is Ln[P/(1-P)] = BX, it follows that P = exp(BX)/[1+exp(BX)], where P is the 
probability. 
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probability of reporting labour-related impediments increases by about 15 percentage points 
between non-users and users of 10 or more technologies; and the probability of reporting 
information-related impediments differs by 7 percentage points. The effect of being an innovator 
is 8 percentage points in the case of information-related impediments. 


These results then demonstrate both a certain commonality, but they also show that the 


determinants of the impediments vary from one group to another. This is the case for most of the 
other variables. 


Other important plant characteristics affecting several areas include the intensity of competition a 
plant faces, and the age of a firm. Specifically, for cost-, labour- and information-related 
problems, the more competitors a firm faces, the higher the likelihood it faces such problems. 
The probability of cost-related problems is 10 percentage points higher for those that face 20 or 
more competitors than for those facing 0 to 5 competitors (75% versus 65%). The difference is 8 
and 5 percentage points for labour- and information-related problems. This confirms our 
hypothesis that the effect of competition arises because competition engenders more 
technological competencies. 


There are also substantial regional effects that accord with our technological intensity hypothesis. 
Firms in Atlantic Canada and Quebec report significantly fewer cost- and labour-related 
problems than they were expected to do—based on their lower technology use. There is about 10 
percentage points difference between firms located in Atlantic Canada and in Ontario for cost- 
related impediments. 


Younger plants are also more likely to experience cost-, institutional- and labour-related 
problems. Some 77% of those born after 1984 face cost-related problems compared to 64% of 
those born prior to 1975. Younger firms face about 10 percentage points difference (26% versus 
16%) for labour-related problems and a 7 percentage points difference (18% versus 11%) for 
information-related problems. Since younger plants are more likely to be advanced technology 
users, the positive relationship between youth and impediments also accords with our maintained 
hypothesis. 


Unionization significantly increases the probability of labour and organizational impediments. A 
plant that reports its employees are covered by a collective agreement increases its probability of 
reporting impediments in each of these areas by about 3 to 5 percentage points; but this is a 
relatively small effect compared to most of the other variables. 


Growth has the expected effect on labour-related problems. Plants that are faster growers are 
likely to report more labour-related problems. The difference between the slowest and fastest 
growing categories is 6 percentage points. Another variable that has little impact on impediments 
is the innovation sector within which a plant finds itself. Thus, there is little to distinguish 
innovation-producing from innovation-using sectors in terms of the impediments that are faced. 
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There is generally no significant effect of ownership on the probability that an impediment is 
reported—except in the area of information flows. Even here the effect is relatively small—only 
4 percentage points. 


How do the various impediment categories compare? For cost-related impediments, technology 
use, region, competition, age, and growth matter. Institution-related problems are likely to be 
higher when a firm uses multiple advanced technologies, performs innovative activities, is in 
Ontario, in the core sector, has more competitors, and is younger. Compared to cost-related 
problems, innovation matters more when firms assess whether the government programs— 
capital cost allowance, R&D assistance and regulation—provide impediments. 


For labour-related problems, the general pattern that was observed for cost- and institution- 
related problems holds. Technology use is important—as is competition, age, and region. The 
younger the firm is, the higher is the likelihood of labour-related problems (the probability is 
26% for those born since 1985, 21% for those born between 1975 and 1984, and 16% for those 
born before 1975). Similarly, faster growing firms are more likely to experience labour-related 
problems (the probability is 24% for those experiencing medium to high growth compared to 
18% for those experiencing low or negative growth). Once again, marked regional differences are 
observed—establishments located in Atlantic Canada and Quebec have a probability of 18% and 
14% of experiencing labour-related problems compared to 26% for those located in the rest of 
the country. In contrast to the cost and institution-related areas, unionization is important for 
labour-related problems. 


There are fewer significant determinants of organization-related problems than in the case of 
either cost-, institutional- or labour-related problems. Region, competition and age matter here as 
elsewhere, but the effect of technology use is less; innovation combined with technology use 
becomes significant—thereby suggesting that organizational problems are more important in 
firms that have adopted a complex technology/innovation strategy. Size is more important here 
than it was for the other categories, but it is the medium-sized plants not the largest ones that are 
more likely to report impediments. Unionization increases organizational impediments, one of 
which is worker resistance to change. 


Information-related problems also are characterized by the common technology, competition and 
age variables. But here innovation by itself is significant and when interacted with technology 
use (Table A3). What is also unique about this category is that Canadian-owned plants face 
significantly more impediments when it comes to information problems, while this does not 
occur for the other categories. 


eee 
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Table 5. Variable Definition and Sample Statistics 


Variable Definition 
COSTPROB = 1 if any cost-related problem is reported 
INSTPROB = | if any institution-related problem is reported 
LABOPROB = 1 if labour-related problem is reported 
ORGAPROB = 1 if any organization-related problem is reported 
INFOPROB = | if any information-related problem is reported 
USER = 1 if any technology is used 
TECH USE = Total number of technologies used 
Number of tech use: 
1-4 = | if 1-4 technologies are used 
5-9 = 1 if 5-9 technologies are used 
10+ = 1 if 10+ technologies are used 
Use of functional tech: 
DE tech = 1 if any design and engineering technology is used 
FA tech = 1 if any fabrication and assembly technology is used 
AMH tech = 1 if any automatic material handling technology is used 
IC tech = 1 if any inspection and communication technology is used 
Innovator = 1 if any innovating activity is introduced 
Region: 
Atlantic = 1 if locates in Atlantic Canada 
Quebec = | if locates in Quebec 
Ontario = 1 if locates in Ontario 
Prairie = 1 if locates in the Prairie provinces 
British Columbia = | if locates in British Columbia 
Industrial sector: 
Core innovative = 1 if one of the core innovative industries 
Secondary innovative = 1 if one of the secondary innovative industries 
Other innovative = 1 if one of the other innovative industries 
Number of competitors: 
0-5 = 1 if facing 0-5 competitors 
6-19 = 1 if facing 6-19 competitors 
20+ = 1 if facing 20+ competitors 
Year of birth: 
Prior to 1975 = 1 if born before 1975 
1975-1984 = 1 if born between 1975 and 1984 
After 1984 = 1 if born after 1984 
Output growth patterns: 
Low = | if experiencing low shipment growth 
Medium = 1 if experiencing medium shipment growth 
High = | if experiencing high shipment growth 
Canadian = 1 if owned by Canadians 
Number of employees: 
1-19 = 1 if 1-19 employees 
20-99 = 1 if 20-99 employees 
100-499 = 1 if 100-499 employees 
500+ = 1 if 500+ employees 
Union = | if employees are unionized 


Number of observations 
Note: Sample statistics are weighted by the establishment weight. 
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Means 
0.6848 
0.1644 
0.2883 
0.2095 
0.1598 
0.3886 
1.5936 


0.2509 
0.1047 
0.0330 


0.2734 
0.1855 
0.0313 
0.2174 
0.3804 


0.0487 
0.3182 
0.3958 
0.1522 
0.0851 


0.1554 
0.3080 
0.5366 


0.2841 
0.3042 
0.4117 


0.2918 
0.2908 
0.4174 


0.3507 
0.4239 
0.1987 
0.8798 


O.5177 
0.3446 
0.1204 
0.0172 
0.2917 
1936 


Std. Dev. 
0.4647 
0.3707 
0.4531 
0.4071 
0.3665 
0.4876 
2.8457 


0.4337 
0.3062 
0.1786 


0.4458 
0.3888 
0.1741 
0.4126 
0.4856 


0.2153 
0.4659 
0.4892 
0.3593 
0.2792 


0.3624 
0.4618 
0.4988 


0.4511 
0.4602 
0.4923 


0.4547 
0.4543 
0.4933 


0.4773 
0.4943 
0.3991 
0.3252 


0.4998 
0.4754 
0.3256 
0.1301 
0.4547 


Statistics Canada No. 11FOO19MPE No. 173 


"JSO} PITIVI-OM) YO] & OJ CQ’ Pue 1S9) Pafie1-OM) %¢ JOJ 9G] {1S} POfleI-OMI A%] & OJ YC°Z SAB SONSNRIS } JOJ SoNTeA [VONLID 
‘poziuorun jou ose saoXojdura pue ‘sooXkojdurs 6[-[ YIM ‘s1ousIOI0J Aq pouMo ‘YyMOIB Jndjno Mo] BuloUsLIOdX9 ‘¢/6] 0} JOLId UJOQ ‘sIO\NadUIOD ¢-~Q SUIDRJ ‘10}99S 
[ELNSNpuUl ,JoUIO,, oy) 0} ZuIsuojaq ‘OLeIUGC UI payedoy ‘SONTAOV OANAOUUT OU SUTWIOJIOd ‘ASojOUYdE) psouRApe OU BUISN SULIT] o1e SdNOIB 9OUDIOJOI OY], ‘ION 


7 r8 0'6L OIL 9°€8 EOL uonoIpeld yYysLI % 

CAS 9°P9 OCT 9001 CSIT i 

0'O18- V 196- C90TI- 8 Pr18- CLvil- uonjouny TT 

60€ 90 8s Sle 9ZEI (T = sea ‘doq) u 

9C6l 9¢C6l 961 961 9C6l N 
sonsneys AewUuing 
09°6- 8780 €- 09°9- RL” te EVAL. 606 I- Ov's- CS89'I- 6G13 Lyle 0- juPr}sUuoD 
980 peel Oo 61°C CL67 0 ool v60c 0 Les} LL610 03°0 LOOT'O uOoIus) 
vr'0- Keveo; COL c£9S 0 03°0 66S¢'0 60°C- COLON= 801 8765 0 soofojdura +00 
vam) 06£0°0 CEC 0c9S°0 Ley 606£ 0 OS I- 8rrr 0- vs? Sc¢9 0 ssahojduls §6b-001 
9r 0- C6L0'0- 88°0 87e1 0 €v'0- 88S0°0- (by Ee €SOV'0- CL0- COOTO- saoho[dule 66-07 
oy LI8¢ 0 €8°0- €CSTO- 690 8rI1 0 70'0- Sr00'0- (Aral 6LS7 0 pouMmo-ueI peur) 
6$'0 LECEG £60 CELIO 96'T Lyre 0 970 76S0'°0 OV I- 6LS7 0- WMol8 YsIH 
IL'0- 8901 '0- 6v'0 9990°0 9L'T 99££ 0 S07 196c'0 vam?) p910°0 ymois uINIpsy 
88°7 €SOS'0 80° 6ILT0 607 9S09°0 SOE 8crs 0 lov $0890 p86l Joye WoOg 
EGO: 91S0'0- IST 91670 607 core 0 EC 03 €Sv0'0- fec O8ce 0 P86I-SL6l Uo, 
9ST (AYAA) 861 8687 0 Ste 68brr 0 col 6cLI'0 88'¢ ce8r 0 s10}adu09 +07 
LGC 196¢°0 y0'l £0910 c9'T 88770 ESC cOcr 0 68°C L6L¢ 0 $10}1}9dWI09 6] -9 
810 9L70'0 EGH- ¢S97 0- 760 C6010 €v'0- 7790 '0- pS I- O8ZLI‘0- 10}oas ATepuodag 
9ST 6S870 c6'0- S8ST0- cL0 6LII'0 69°T- OcrE 0- v0'0 1900°0 10}99S 910°) 
£9'0- OV9T0- co I- 61S¢0- 8r'0 0680°0 96'0- Eevic0- 60°0 CcLI00 eiquinjor) YsHug 
eve OISr'0 €o0 £060°0 0S '0- c9LO'0- 88°C- C8SS 0- 060 Lert 0 olteld 
LS‘0 6160°0 L8°0- CECT O- IL’S- SOLL'0- c¢e9- COLO I- 6L'I- €V77'0- saqond 
Liat LI€e 0 60°C- £989°0- 96'I- IZ1S'0- 8I€- COLCA OS'C- 06LS°0- onueny 
SOP 099'0 790 €180'0 O¢'l csstO COG L6C£'0 OCT 8SST0 JOJAOUUT 
99'I ‘16990 OV cSrr'0 8E'C 8IcL0 COT cc1l60 COE LELEL esn Yyd9} +01 
S6'C 61790 OT 6077 0 LG) LEETO (a0) I¢Lo0 v8'7t €79S 0 9SN Y99} §-¢ 
LEO 0190°0 trl ¢10c'0 Oc T C99T'0 Ol I- L681°0- O08 7 07£9°0 asn 99} p-] 

onel-], WIYJooD  onel-] JUSIOYJo0R —- ONVI-], JUDIIYJOOD +  onvi-], WIOJoo)  onvi-] JUDIOJJOOD 
(S) (p) (€) (Z) (1) 

qoidojuy = “eA ‘dag qoides19 = ‘eA ‘dog qoidoge’T = ‘eA, ‘doq qoid)suy = ‘eA ‘dag goidjso_ = ‘Ie ‘dog ‘eA ‘dopuy 


sjusupeduy uondopy Asojouysay, 3un.10dey 10J S}[Nsay UOIssaisay INSISOT “9 a[qe TL, 


Statistics Canada No. 11FO019MPE No. 173 


ARs 


Analytical Studies Branch — Research Paper Series 


' Table 7. Estimated Probability of Experiencing Technology Adoption Impediments 


Cost- Institution- Labour- Organization- _—Information- 
related related related related related 
dQ) (2) (3) (4) (5) 
Percent 


SS) es ee Sa eae Ae ee ee See 6S OE Pay eT eh) era 
Number of tech use: 


0 66.1 14.4 De 17.8 Wey 
1-4 78.6 14.4 2Y.1 17.8 127 
5-9 77.4 14.4 pA ed 17.8 21.4 
10+ 88.5 29.5 35.5 17.8 20.5 
Innovator vA ee! Li pa 17.8 19.1 
Non-innovator ane GPR) 215 17.8 11.0 
Region: 
Atlantic 61.1 7.4 ial 10.2 129 
Quebec : 69.2 8.8 14.2 18.3 12.9 
Ontario Isa 22.0 26.4 18.3 12.9 
Prairie Vos 13.9 26.4 18.3 18.9 
British Columbia RO, 22.0 26.4 18.3 12.9 
Industrial sector: 
Core innovative Tie tS VA ba 19.1 1 He Pa 
Secondary innovative | iy} 15.3 D4 9) 15.3 Toy 
Other cf ey | 1505 21 19.1 te) 
Number of competitors: 
0-5 65.0 13.2 18.5 16.2 10.5 
6-19 oat 19.0 18.5 16.2 14.9 
20+ 75.0 13.2 26.2 20.5 154 
Year of birth: 
Before 1975 63.5 jag 16.1 16.6 11.4 
1975-1984 70.7 t2-1 21.4 OB eh 11.4 
After 1984 717.4 19.2 26.0 16.6 17.6 
Output growth patterns: 
Low Tees 13:3 18.1 17.8 Ba 
Medium rie 17k Diab 17.8 Ne 
High ey 133 23.8 17.8 137 
Canadian-owned of as 14.8 ZAsD WARS 14.2 
Foreign-owned ple 14.8 ps We 17.8 10.2 
Number of employees: 
1-19 ADEZ 17.0 20.7 16.9 13.7 
20-99 70.2 12.0 20.7 16.9 13.7 
100-499 81.4 LO 27.8 26.3 13.7 
500+ 70.2 4.9 ZO 16.9 137 
Union 71J 14.8 24.1 vA 137 
Non-union oe 14.8 20.5 16.6 ioe 


Note: Probabilities are calculated by setting coefficients insignificantly different from zero at 10% to zero and 
evaluated at the sample mean values. For dummy variables, this is done by using the sum of the unweighted 
coefficient of the variable and the weighted coefficients of other groups of dummy variables, where the weight is the 


corresponding variable’s share in the sample. 
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In short, while there is a common set of factors that significantly affect the likelihood of a firm 
reporting impediments, there are important differences. Cost-related problems are positively 
associated primarily with the intensity of technology use, the intensity of competition, and 
younger firms. Institution-related problems are more common among innovators and younger 
establishments. Regional differences associated with the actual probability of reporting an 
impediment are also quite striking in institution-related problems. Labour-related problems are 
more serious among firms that extensively use advanced technology, that face more intensive 
competition, in younger establishments, and in those experiencing higher growth. Organization- 
related problems are more characteristic of older, big and unionized establishments. Information- 
related problems are more typical among technology users; among innovators; among young 
firms; and among Canadian-owned establishments. 


4. Conclusion 


‘This paper has investigated various problems that firms in the Canadian manufacturing sector 
face as they adopt advanced technology. Although extremely important, the use of advanced 
technology is not widespread among manufacturing plants. One explanation lies in the fact that 
while advanced technologies provide a wide range of benefits, plants also face a series of 
impediments that prevent them from adopting advanced technology. There are broadly five 
categories of problems faced by firms—cost-related, institution-related, labour-related, 
organization-related, and information-related. 


Cost-related problems include cost of capital, cost of technology acquisition, cost of related 
equipment acquisition, cost of related software development, and increased maintenance 
expenses. Institutional-related problems stem from taxation practices involving R&D investment, 
tax credits and capital cost allowances, and from government regulations and standards. Labour- 
related problems arise from a shortage of skills, training difficulties, and labour contracts. 
Organization-related problems are associated with difficulties in introducing changes to a firm’s 
structure that are required for ingesting new technologies, poor management attitude, and worker 
resistance. Information-related problems arise from lack of scientific and technical information, 
technological services, and technical support from vendors. 


With rare exceptions, it is observed that the percentage of plants reporting impediments is 
markedly and consistently higher among technology users than non-users; more frequent among 
innovating firms than those not introducing innovation. This suggests that impediments arise 
during the innovation process as firms learn by doing. Users in the process of adopting new 
technologies are confronted with various problems and must overcome them. Non-users may 
have a general idea of the importance of the various impediments, but until they face them they 
are unable to appreciate their severity. Some of these problems are very complex in nature, and 
their magnitudes cannot be easily determined ex ante. 


Regression analysis confirms that many of the impediments are related to variables that capture 


the technological complexity of the firms—either incidence or intensity of technology use and 
innovator competencies. But these impediments are also positively associated with many plant 
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characteristics that are correlated with technological competencies. Both of these facts 
substantiate the view that impediments are learned. They may be barriers; but they are barriers 
that do not stop innovation and the adoption of new technologies. They are obstacles that are 
overcome as technology is introduced into the plant. This confirms associated work that 


examined the differences between innovative and non-innovative firms in the service sector 
(Gellatly and Peters, 1999). 


This view influences the way in which impediments outlined in technology and innovation 
surveys should be interpreted. They should not be interpreted as impenetrable barriers that 
prevent technological adoption. No doubt, such problems exist—but they are not what are being 
measured in these surveys. Rather these surveys indicated the area where successful firms face 
and solve problems. As such, they provide a guide as to the areas where those problems are likely 
to be more intense—though we must be cautious here with our interpretation because we do not 
have dollar measures; we only have the frequency of impediments that are reported. 


It is also noteworthy that the nature of problems that have to be addressed differs across the 
various actors involved. Cost-related problems are higher where there is more competition and 
younger establishments. Institution-related problems are more common among innovators and 
younger establishments. Labour-related problems are more serious among firms that extensively 
use advanced technology, that face more intensive competition, younger establishments, and 
those experiencing higher growth. Organization-related problems are more likely in older, 
medium-sized and unionized establishments. Information-related problems are more typical 
among technology users; among innovators; among young firms; and among Canadian-owned 
establishments. Regional differences are also observed in all of these groups of impediments. 
Plants in the more technologically advanced regions face more impediments. 
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